Objective: To examine the consistency and adequacy of nutritional intake in a population of Black women in the second and third trimesters of pregnancy.
consumed higher-calorie diets than other racial groups, but they examined diet at only one time point. Although weight alone is not a measure of adequate nutrition, pregnant African American, Black, and Caribbean Black women have also been shown to have greater rates of obesity than other racial groups, which provides another rationale to examine nutrition in these women (Brooten et al., 2012) .
Some researchers who examined nutrition during pregnancy analyzed only one time point (SiegaRiz, Bodnar, & Savitz, 2002; Webb, Siega-Riz, & Dole, 2009) , but diet quality continues to be important throughout pregnancy. Maternal diets may change from the second to third trimesters because of the physiologic changes of pregnancy that affect appetite, such as the space in the abdomen occupied by the fetus. Additionally, nutrient needs change in the third trimester, including increased calcium and caloric requirements, and nutrient intake must support the rapid fetal weight gain and increased maternal basal metabolic rate during this time (Butte, Wong, Treuth, Ellis, & Smith, 2004; Kovacs, 2001) . Rifas-Shiman et al. (2006) examined dietary changes between trimesters in a group of predominantly nonminority pregnant women (N ¼ 1,543, 25% self-identified as racial minorities). The overall mean of food and nutrients consumed from foods did not change significantly from the first to second trimesters; intake of only skim or 1% dairy foods, whole-fat dairy foods, red and processed meat, saturated fat, and vitamin D increased by at least 5% between the first and second trimesters. Adequacy of nutrient intake was not addressed. Further research is needed to determine if minority women have similar patterns of nutritional intake as majority women. Minority women are at increased risk of obstetric complications that might be influenced by nutrition (such as preeclampsia) and are also at increased risk for nutritional imbalances such as overnutrition and obesity (Knuist, Bonsel, Zondervan, & Treffers, 1998; Mehta, 2008) .
The purpose of our study, therefore, was to examine the nutritional intake of a population of Black women over three time points in the second and third trimesters and to determine the consistency and adequacy of nutrient intake throughout pregnancy among this minority population. The research questions were as follows: What is the adequacy of nutritional intake at three time points: 22 to 24 weeks gestation, 26 to 28 weeks gestation, and 30 to 34 weeks gestation? Does the adequacy of nutritional intake change over time?
Literature Review
Much of the available literature on nutrition during pregnancy is focused on weight assessment or overall caloric intake rather than on specific nutrient intake. Adequate caloric intake prevents compromised fetal growth that has been linked with numerous poor outcomes later in life, including type II diabetes, hypertension, and cardiovascular disease (Barker, Osmond, Golding, Kuh, & Wadsworth, 1989; Calkins & Devaskar, 2011; Phipps et al., 1993; Zhang, Kris-Etherton, & Hartman, 2013) . Adequacy of nutritional intake cannot be determined simply by weight change or even by weight and caloric intake. Researchers found energy intake to actually be inversely related to overall diet quality, with lower-energy diets associated with consumption of a relatively greater proportion of micronutrients and water (Andrieu, Darmon, & Drewnowski, 2006; Ledikwe et al., 2006) . Therefore, women may gain sufficient or even excess weight with a high-energy diet but still lack vital nutrients; this suggests a need to study which foods are actually consumed during pregnancy.
A balanced macronutrient intake, including sufficient protein and fiber intake and avoiding excessive intake of fats or carbohydrates, can have a large effect on a woman's health during pregnancy. Having a protein intake of at least 71 g/day increases the likelihood of an appropriate birth weight (Godfrey, Robinson, Barker, Osmond, & Cox, 1996; Institute of Medicine, 2005) . Women should also consume adequate fiber, defined as at least 28 g/day. There are multiple positive effects of sufficient fiber intake, including minimization or alleviation of constipation that often occurs in pregnancy and decreased late gestational weight gain and postpartum weight retention (Brooten et al., 2012; Drehmer et al., 2012; Institute of Medicine, 2005; Kaiser, Allen, & American Dietetic Association, 2008; Maple-Brown, Roman, Thomas, Presley, & Catalano, 2013) . Not only the amount but also the quality of carbohydrates consumed must be considered, because a diet with too low a glycemic index has been associated with an increased risk for small-for-gestational-age infants (Scholl, Chen, San Khoo, & Lenders, 2004) .
Adequate consumption of micronutrients is protective against various complications of pregnancy. Currently, it is recommended that pregnant women consume 1,200 to 2,500 mg/day of calcium and 600 to 1,000 mg/day of folate (Institute of Medicine, 2005) . Calcium supplementation and appropriate folate intake have protective effects against preeclampsia (Endeshaw, Ambaw, Aragaw, & Ayalew, 2014; Hofmeyr, Lawrie, Atallah, Duley, & Torloni, 2014) . Previous research findings have linked the consumption of certain micronutrients to additional positive health outcomes. For example, calcium intake is associated with the bone health of mother and fetus, whereas folate consumption is associated with neural tube defects (De Jersey et al., 2011; Thomas & Weisman, 2006) . Vitamin D, which is necessary for calcium absorption, is also essential for bone health; it is recommended that pregnant women consume 15 to 100 mg/day (Institute of Medicine, 2005) . Iron also has numerous benefits and its consumption prevents low birth weight and maternal anemia, which in turn has been linked to the development of preeclampsia (Endeshaw et al., 2014; Peña Rosas et al., 2012) . Pregnant women should consume 27 to 45 mg/ day of iron (Institute of Medicine, 2005) .
The many micronutrients found in fruits and vegetables are essential for healthier pregnancy outcomes as well. Vitamin C, found in great amounts in many fruits and vegetables, was positively correlated with placental weight (Mathews, Yudkin, & Neil, 1999) . Researchers also found a correlation between increased vitamin C, fruit, and vegetable consumption and decreased occurrence of small-for-gestationalage newborns (Jain, Wise, Yanamandra, Dhanireddy, & Bocchini, 2008; Mikkelsen, Osler, Orozova-Bekkevold, Knudsen, & Olsen, 2006; Ramó n et al., 2009; Rao et al., 2001 ). Endeshaw and colleagues (2014) also found increased vegetable and fruit consumption to be protective against preeclampsia. Many women do not eat adequate amounts of fruits and vegetables, despite the known benefits (Crozier et al., 2009; Krebs-Smith, Guenther, Subar, Kirkpatrick, & Dodd, 2010; Stallings, Gazmararian, Goodman, & Kleinbaum, 2015) .
Younger women and women with lower educational status were less likely to follow public health recommendations for pregnancy, including nutritional recommendations (Crozier et al., 2009) . Black women had greater overall intake of calories in the first 20 weeks of pregnancy compared with White non-Hispanic women and greater intakes of protein, total fats, carbohydrates, sugar, and dietary iron (Brooten et al., 2012) . It is important to know whether these patterns are stable over time so that nurses have adequate information to determine when and how to intervene to improve the nutritional intake of pregnant minority women.
Methods
Black women (n ¼ 195) from one city in the Northeast region of the United States who received prenatal care were eligible to participate in this study. The study participants provided nutritional data during the second and third trimesters of pregnancy so that stability of nutritional intake could be examined. Data for this analysis were collected as part of a larger National Institutes of Health-funded study (R01NR 0552) that examined the physiologic mechanisms underlying preterm labor in minority women. The framework of the parent study was based on the physiology of stress and labor initiation. The sample for this study was derived from the control group (healthy pregnant women) of the larger research study supported by a National Institutes of Health grant to Boston College (NR010552). In the parent study, women provided cervical and serum specimens, completed paper-and-pencil questionnaires on stress and other constructs, and provided nutritional intake information.
Sample
Participants in our study were recruited during standard office hours at prenatal clinics in three urban city hospitals in the Northeastern United States. Women were eligible to participate if they were age 18 years or older; were between 22 and 24 weeks gestational age with a singleton pregnancy; spoke English or Spanish; and had no known chronic medical ailments such as heart disease, kidney disease, chronic hypertension, autoimmune disease, or asthma requiring steroid use. Furthermore, to be eligible women needed to be experiencing uncomplicated pregnancies (i.e., free from obstetric complications such as cervical, uterine, or congenital fetal anomalies; preeclampsia; placenta previa; or gestational diabetes). If chart review indicated that a woman met inclusion criteria, the study coordinator approached the potential participant to determine if she self-identified as Black and was interested in participation in the study. Approximately 58% of women who were screened and met study criteria agreed to participate in the study. Those who refused most often cited lack of time or disinterest in providing additional physiologic specimens, as required by the parent study, as the reason for not participating. The institutional review board at the respective recruitment sites approved our study, and all willing participants signed informed consent.
A post hoc power analysis was run to assess adequacy of the sample size and to measure the probability that the linear mixed-effects model would accurately reject the null hypothesis that nutrition does not change over time. 
Procedure
Women who consented to participate provided nutritional data for one 24-hour period at each of three time points: 22 to 24 weeks, 26 to 28 weeks, and 30 to 32 weeks gestation. Demographic information was collected at the first visit, and diet recalls were performed for the 24-hour period immediately before the three prenatal study visits. Diet recalls were conducted in person with the assistance of the research coordinator. All participants described each meal and snack consumed throughout the day, including beverages, and specified timing of consumption. The research coordinator used food models, measuring cups, and images of various foods and portion sizes to ensure accurate quantification of the amount of food and beverages consumed. The research coordinator encouraged participants to include brand names when possible so that nutritional value could be more accurately assessed.
Diet recalls collected for the 24 hours leading up to the prenatal visit ensured that weekday and weekend eating habits were captured for a more comprehensive data set of nutrient intake. In previous work supported by a National Institute of Nursing Research grant to New York University (R03NR008548-01), these techniques proved effective in the collection of nutritional data from pregnant women from similar environments. Participants were compensated for their involvement upon completion of each study visit.
Data from the diet recalls were entered into a computerized database called Food Processor Diet Analysis and Fitness Software, developed by ESHA research in 1981 (ESHA Research, 2017) . The Food Processor database contains over 55,000 food items, including fast food and franchise items, and reports on 163 nutritional components as dictated by the U.S. Department of Agriculture and over 1,800 research sources (ESHA Research, 2015) .
Results
The average age of participants in this study (N ¼ 195) was 26 years, with a range from 18 years to 43 years (see Table 1 ). Most participants were single (74.9%) and reported the United States as their country of birth (62.6%). Although 47.7% of the participants surveyed were employed during their pregnancies, more than half (58.4%) had an annual source of income or support of less than $5,000. Although the average body mass index (BMI) of the participants was 29.9 kg/m 2 (SD ¼ 7.2), most were in overweight (27.2%) or obese (43.1%). categories
Data from all three time points, which were used to examine changes over time, were available from 158 participants (81%). Thirty-seven participants missed a prenatal visit at one of the scheduled time points. Of the total participants enrolled in the study, 194 (99%) completed the diet recall survey at the prenatal visit that occurred between 22 and 24 weeks gestation, 170 (87%) at the visit that occurred between 26 and 28 weeks gestation, and 166 (85%) at the prenatal visit that occurred between 32 and 34 weeks gestation.
Analysis Over Time
To assess whether the change in nutrition was significant over time, a linear mixed-effects model was used. The nutrient of interest was selected as the dependent variable, with the predictor of time point modeled as a fixed effect. Because of the repeated measures, subject-specific effects were modeled as random effects to control for variation.
The results of this analysis indicated that nutrient intake over time did not differ significantly, yielding p values equal to or greater than .05 for all of the The diets of participants remained stable across the second and third trimesters and were largely inadequate during this time.
Nutrition of Black Women macro-or micronutrients among the participants (see Table 2 ); this indicated that overall nutritional intake of the participants was consistent across the second and third trimesters.
Additionally, we conducted a chi-square analysis to assess whether there was individual variation in any of the nutrient categories across the study time points. In this analysis, the categories under, met, and, where applicable, over, were used to examine the differences in nutrition. Results of the chi-square tests were nonsignificant at the p value of .05 (see Table 2 ), which showed that the nutritional intake was stable from the second to third trimesters.
Caloric Intake
At the first time point, which occurred during the second trimester between 22 and 24 weeks gestation, most participants (55.7%) consumed less than the recommended amounts for daily caloric intake during pregnancy. An additional 22.7% of the participants ate more than recommended by the guidelines, which brought the total number of participants whose caloric intake was outside the recommended guidelines to 78.4%. Only a few participants (26.1%) ate within the recommended guidelines for daily caloric intake. A similar trend continued across the trimesters, and only a small portion of the Myles, M., Gennaro, S., Dubois, N., O'Connor, C., and Roberts, K.
participants met the recommended caloric intake throughout their pregnancies (see Table 3 ). Although the percentage of participants who ate less or more than the daily recommendations for caloric intake fluctuated across the time points, the change was not significant.
Macronutrients
During 22 to 24 weeks gestation, most participants (59.3%) consumed more than the recommended minimum amount of protein in grams (see Table 4 ), and 40.7% consumed less than the recommended guidelines for protein intake in grams. Similarly, most participants (78.4%) at 22 to 24 weeks gestation had consumed more than the minimum recommended guidelines for daily carbohydrate intake in grams, and only 21.6% consumed less than the minimum recommended guidelines for carbohydrate intake. This trend continued throughout the remainder of the pregnancies, and most participants ate enough grams of protein and carbohydrates to meet the minimum recommendations.
There are no current recommended guidelines for fat intake in grams. For this reason, the proportions of protein, carbohydrates, and fat that made up the diets of the participants were evaluated. Overall, 43.8% of the participants reported that they consumed an appropriate amount of fats as part of their diets at 22 to 24 weeks gestation (see Table 4 ). Only 21.1% of the participants had diets that consisted of a percentage of fat intake greater than the recommended proportion, compared with 35.1% whose fat intake as a proportion of their diets was deficient and less than recommended guidelines.
Similarly, 47.9% of the participants met the recommended guidelines at 22 to 24 weeks gestation for proportion of carbohydrate intake as part of their diets (see Table 4 ). However, a small proportion of participants (8.3%) reported diets that were deficient in proportion of carbohydrates, with amounts less than the recommended guidelines. A notable number of participants (43.8%) consumed diets at 22 to 24 weeks gestation in which carbohydrate intake as a proportion of the diet was greater than the recommended guidelines.
Although most participants were able to consume the minimum recommended amount of protein in grams (see Table 4 ) at 22 to 24 weeks gestation, for 67.0% of participants, the proportion of their diets that was made up of protein was less than the recommended guidelines. Only 24.2% of participants ate a diet consisting of an adequate proportion of protein, and an additional 8.8% ate a diet that was proportionally greater in protein. In summary, during the second trimester, the proportion of participants who had diets deficient in protein rose with greater carbohydrate and fat intake. This trend continued throughout the remainder of the pregnancies.
Micronutrients
At 22 to 24 weeks gestation, the percentage of participants who did not consume adequate amounts of vitamin D (see Table 5 ) was 96.4%. No participants consumed greater than the recommended upper tolerable limits of vitamin D intake during this time period, and only 3.6% consumed vitamin D within the recommended range.
Similarly, most participants (66.5%) did not consume the minimum required amount of folate per day between 22 to 24 weeks gestation (see Table 5 ). Only 24.7% of participants consumed within the recommended amount of folate, and 8.8% consumed amounts greater than the tolerable upper limit of folate. In total, 75.3% of participants consumed amounts of folate outside the recommended limits during the second trimester. 
Nutrition of Black Women
As with the other micronutrients reported, most participants (63.4%) did not meet the minimum recommended guidelines for dietary iron intake at 22 to 24 weeks gestation (see Table 5 ). Only 56 participants (28.9%) consumed daily iron amounts that were within the recommendations. Another 7.7% of the participants consumed more than the tolerable limits for daily iron intake, bringing the total percentage of participants who consumed amounts of iron outside the tolerable recommended intake to 71.1%.
At 22 to 24 weeks gestation, more than half of the participants (54.6%) consumed less than the recommended amount of calcium in their diets (see Table 5 ). Although fewer than half of the participants (43.5%) fell within the recommended guidelines for calcium intake, very few participants (1.6%) exceeded the tolerable upper limits. In total, 56.2% of the participants consumed calcium in amounts outside the recommended tolerable limits.
In summary, few participants consumed levels for all studied micronutrients, including vitamin D, folate, iron, and calcium, within recommended tolerable limits over time. This deficiency in consumption remained consistent from the second to third trimesters despite regular and consistent prenatal vitamin use by 81.67% of participants.
Fruits, Vegetables, and Fiber 
Discussion
With these findings, we suggest that women's diets largely do not vary across the second and third trimesters of pregnancy and remain inadequate across these weeks (see Table 6 ). RifasShiman and colleagues (2006) similarly found a Myles, M., Gennaro, S., Dubois, N., O'Connor, C., and Roberts, K.
pattern of consistent nutrient intake across the first and second trimesters for a sample of majority and minority women, and in this study we extend those findings by showing that these patterns are stable into the third trimester. Continued assessment and dietary intervention are therefore vital even throughout the latter half of pregnancy, because it is likely that at any point in these weeks women's diets will be insufficient in multiple nutrients.
Overall micronutrient intake was not sufficient for those surveyed, despite prenatal vitamin use. Gennaro and colleagues (2011) similarly found that Black women consumed inadequate micronutrients, including iron, vitamin D, and calcium, during the third trimester but did not look at the second trimester to see if this was a consistent trend. Prenatal vitamins were not enough to completely supplement the lack of micronutrients consumed from food sources for women in our study. Women should be instructed at their prenatal visits that prenatal vitamins do not replace consuming a healthy diet rich in micronutrients.
Because micronutrient and fiber intake were largely below recommended levels, fruit and vegetable intake should also be closely examined.
More than 90% of the participants consumed fewer fruits and vegetables than recommended at all three time points, which is consistent with the inadequate intake of fruits and vegetables in the United States among the general population (Stallings et al., 2015) . When counseling women, providers should identify the barriers to fruit and vegetable consumption, including taste, cost, cultural preference or habit, availability, access to transportation, quality of available choices, variety of choices, and time for preparation (HaynesMaslow, Parsons, Wheeler, & Leone, 2013) . Food assistance programs can also be helpful to encourage women to consume more fruits and vegetables in pregnancy.
Among our participants, carbohydrates and fats were two of the only nutrients for which they did not consume less than the recommended guidelines. Pastas and rice are often inexpensive and filling foods, which may be the reason for the excessive carbohydrate intake we found. Cultural sensitivity is imperative for counseling pregnant women regarding choices of carbohydrates that are also rich in other nutrients. For example, our participants commonly ate refined white rice. The recommendation of a simple swap of whole grain brown rice in place of white rice could increase their intake of micronutrients and fiber. Most participants ate appropriate amounts of fats, but counseling should be provided to ensure choices are made for healthier fat options. Nurses should provide nutritional counseling regarding inexpensive and culturally appropriate choices at any point of contact with pregnant women.
Nutrition of Black Women
Surprisingly, the greatest portion of study participants actually consumed less than the recommended limits for daily caloric intake, despite previous studies in which researchers found that Black women tended to consume more calories than women of other races (Brooten et al., 2012; Siega-Riz et al., 2002) . Women should be coached on the importance of consuming adequate calories to support fetal growth, because low birthweight has been associated with numerous short-term consequences, including neonatal death, hypoglycemia, and necrotizing enterocolitis, as well as long-term consequences including coronary heart disease and type II diabetes (Barker, Eriksson, Forsé n, & Osmond, 2002; Bernstein, Horbar, Badger, Ohlsson, & Golan, 2000; Harris, Weston, & Harding, 2012; Lubchenco & Bard, 1971) . The deficiency in caloric intake for our study participants can most likely be attributed to lower protein intake. When we studied overall diet composition, the percentage of total calories consumed from protein was less than recommended amounts, despite adequate consumption in terms of grams. This may be linked with the cost of many protein-rich foods, which should be considered by practitioners when providing prenatal nutrition counseling.
Our findings regarding protein and caloric intake stand in contrast to the findings of a study of multiple ethnic groups by Brooten and colleagues (2012) , who found that African American women consumed higher-calorie, higher-protein diets than members of other racial groups. However, Brooten et al. (2012) separated African American and Caribbean Black women into two distinct groups, and Caribbean Black women did not consume excess calories and had lower protein and iron intake, similar to the participants in our study. Caribbean Black women also had similar iron and fruit and vegetable intake as the participants in our study and could have benefited from prenatal nutritional counseling on these nutrients.
Limitations
Limitations to our study included the possibility of selection bias, which might exist if women who agreed to participate differed from those who declined. Those surveyed as part of our study were recruited from one urban area in the Northeastern United States. It is unknown whether similar results would also be reported in Black women from more diverse settings.
Prepregnancy weight was not obtained for the study participants. Therefore, another limitation is that without prepregnancy BMI, we could not examine guidelines for overall weight gain during pregnancy and assess the caloric intake that would be necessary to ensure appropriate weight gain. Another potential limitation of our study is that self-reported nutrient intake may be unreliable, because women underreport food Myles, M., Gennaro, S., Dubois, N., O'Connor, C., and Roberts, K.
consumption (Gemming, Jiang, Swinburn, Utter, & Mhurchu, 2014) . However, we used food models, measuring cups, empty containers, and other prompts to ensure that the reported intake was as accurate as possible.
Implications for Future Research and Practice
With these findings, we show a large gap between the nutritional intake of Black women and the recommended intake. Because diets were consistently inadequate, nutritional counseling provided by nurses at any point of contact prenatally could help to address this issue. Based on our findings, one area of focus when providing such counseling should be protein consumption. Women's economic resources and cultural food choices should be considered in coaching women to consume more calories from protein sources. More economic protein options should be suggested, such as eggs and plant-based proteins. Plant-based proteins can additionally provide folate, potassium, and magnesium, as well as fiber, which was also lacking in our participants. Providers should also consider culturally appropriate food choices. For our participants, this would include choices such as kidney beans and goat meat.
Nurses should also better encourage fruit and vegetable consumption, again keeping cost and access in mind. Lower-cost options, such as frozen, dried, or 100% juices without added sugar, can be recommended (Chen, Liu, & Binkley, 2012; Haynes-Maslow, 2013) . Women should be advised to consume seasonal vegetables, buy in bulk for products with longer shelf lives, and seek farmer's markets where available, which can often be less expensive than grocery stores. Canned vegetables are often the most cost-effective option; however, they can be less nutrient-dense and have greater levels of sodium than fresh or frozen varieties.
Further research is needed to examine the preconception diets of women who did not consume sufficient fruits, vegetables, and protein during pregnancy to determine whether this is an issue related to the physiologic changes of pregnancy or if diets were similarly lacking in nutrients before conception. If diets were similarly deficient before pregnancy, preconception nutrition programs may be helpful.
Additional studies are needed to test interventions targeted at improved nutrition in minority women. Specifically, programs to improve fruit, vegetable, protein, and micronutrient intake during pregnancy would have been helpful for our participants. Programs that are currently available seem to be insufficient, because participants in this study failed to consume adequate nutrients despite the availability of the Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) and nutritionists. Preconception or antepartum programs may also be helpful in improving the overall nutrition of minority women.
Conclusion
The prenatal period is an important time for nurses to help pregnant women learn about how best to select nutritious, cost-effective, and culturally appropriate foods. Our research findings showed consistently inadequate nutrient intake across the second and third trimesters, indicating that nutritional counseling delivered at any point of contact during this time can be helpful to women. Pregnant women are interested in nutrition and weight gain, and health promotion during this time period is beneficial to mothers and infants. Nurses play vital roles in their work with women on nutritional choices throughout prenatal care.
